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Real Party in Interest 

The real party in interest is The General Hospital Corporation, to whom all interest in 
the present application has been assigned (Reel 010520, Frame 0605). 

Related Appeals and Interferences 

There are no pending appeals or interferences related to this case. 

Status of Claims 

Claims 7, 10, 13-16, and 27-32 are currently pending. 

Claims 7, 10, 13-16, and 27-32 were finally rejected in an Office Action mailed on 
October 6, 2004 and are appealed. 

Claims 1-6, 8, 9, 11, 12, and 17-26 have been canceled. 

Status of Amendments 

All amendments filed in this application have been entered. 

Summary of Claimed Subject Matter 

Appellants' claimed subject matter is directed to a substantially pure RXR-interacting 
protein, including an amino acid sequence that is at least 85% identical to the amino acid 
sequence of RIP 15 (SEQ ID NO: 3) (See, for example, page 3, line 30 - page 4, line 5; and 
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page 7, line 2.) An exemplary protein includes an amino acid sequence that is at least 90% 
identical to the amino acid sequence of RIP 15 shown in Figure 5 (SEQ ID NO: 3); is 
derived from a mammal such as a human; binds a p-retinoic acid response element (p- 
RARE) in the presence of RXR; or binds an ecdysone response element (EcRE) in the 
presence of RXR. (See, for example, page 3, line 30 - page 4, line 5; and page 7, line 3.) 
Typically, the protein includes an amino acid sequence that is at least 95% identical to the 
amino acid sequence of RIP 15 (SEQ ID NO: 3); an amino acid sequence that is identical to 
the amino acid sequence of RIP 15 (SEQ ID NO: 3); or is the amino acid sequence of the 
protein identical to the amino acid sequence of RIP 15 (SEQ ID NO: 3). (See, for example, 
page 3, line 30 - page 4, line 5; page 7, line 3; and Figure 5.) The invention also is directed 
to a protein that interacts with a retinoid X receptor in an in vivo interaction trap assay or a 
protein that inhibits retinoid X receptor-dependent activation of a P-RARE-linked nucleic 
acid. (See, for example, page 2, lines 27-29; page 3, line 30 - page 4, line 5; page 1 1, lines 
8-13; and page 40, lines 8-19.) 

In another aspect, Appellants' claimed invention is directed to a RXR-interacting 
protein produced by expression of a purified DNA encoding a protein including an amino 
acid sequence that is at least 85% identical to the amino acid sequence of RIP 15 (SEQ ID 
NO: 3). (See, for example, page 3, line 30 - page 4, line 5; page 7, line 2; and page 4, lines 
18-20.) 
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Grounds of Rejection to be Reviewed on Appeal 

This appeal presents five issues: 

1. Whether the Office erred in rejecting claims 7, 10, 13-16, and 27-32 under 35 
U.S.C. § 101 and 35 U.S.C. § 1 12, first paragraph, for lack of utility. 

2. Whether the Office erred in rejecting claims 7, 10, 13-14, 16, 27, 28, and 31-32 
under 35 U.S.C. § 1 12, first paragraph, as containing subject matter which was not described 
in the specification. 

3. Whether the Office erred in rejecting claims 7, 10, 13-16, and 27-32 under 35 
U.S.C. § 1 12, first paragraph, as failing to comply with the enablement requirement. 

4. Whether the Office erred in finding that Appellants' priority application failed to 
provide adequate support under 35 U.S.C. § 112 for claims 7, 10, 13-14, 16, and 27-32. 

5. And whether the Office erred in rejecting claims 7, 10, 13-14, 16, 27, 28, and 31- 
32 under 35 U.S.C. §§ 102(e) and 102(b), as being anticipated by Liao et al (U.S.P.N. 
5,639,616). 

Argument 

I. The Utility Rejection Should Be Reversed 

Claims 7, 10, 13-16, and 27-32 were rejected under 35 U.S.C. § 101 and 
§ 1 12, first paragraph, with the Examiner stating that the claimed invention is not supported 
by a substantial or specific asserted utility or by a well established utility that would enable 
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one skilled in the art to use the invention. The Office while referring to the Liao reference 
(U.S. Patent No. 5,369,616) does not rely upon any evidence in support of these rejections. 
Given the statements on utility of the claimed invention found in Appellants' specification, 
these rejections are therefore in error and should be reversed. 

The Examiner maintains, for the reasons set forth in the Office action, of October 6, 
2004 (p. 3), that 

[N]o evidence is provided that RIP- 15 can inhibit thyroid hormone receptor in 
hyperthyroidism. Furthermore, no compounds which increase RIP- 1 5 expression 
is taught in the specification. Applicants further argue that antibodies to RIP- 1 5 
can be used to detect or monitor RXR-related disease. However, no evidence has 
been provided that RIP- 15 antibodies can be used to detect hyperthyroidism. 

The RXR does not provide nexus to the disease but the protein which binds RXR 
and RIP- 15 is an orphan receptor whose function is not know and does not 
provide nexus to diseases merely based on interaction with RXR. In fact further 
experimentation is necessary to determine the function necessary to determine the 
function of RIP- 15 and it's nexus to a disease. 

As is discussed below, the Office has incorrectly applied the standard by which utility of an 

invention is evaluated and, therefore, each of the utility and enablement rejections should be 

reversed. 

In addition, it is Appellants' understanding that, as required by the M.P.E.P. and case 
law, that the Office will either provide a rebuttal for each of Appellants' assertions of utility 
explained below or will reverse these rejections in view of the clarifications which have 
been provided during prosecution. 
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Appellants Assert Four Credible, Specific and Substantial Utilities 

The analysis to be carried out in making a rejection under 35 U.S.C. § 101 must 
include a determination of whether an assertion of utility has been made in an Appellants' 
specification and, if so, whether that asserted utility is credible (i.e., whether the assertion of 
utility is believable to a person of ordinary skill in the art based on the totality of evidence 
and reasoning provided; M.P.E.P. § 2107.01-III(B)). 

In the present case, Appellants assert the four utilities described below. Appellants 

submit that, absent data or evidence to the contrary provided by the Office, it is credible that 

administration of RIP 15 protein or a compound that increases RIP 15 expression will 

ameliorate RXR-associated conditions, and further that detection of decreased RIP 15 levels 

in a subject using an anti-RIP15 antibody will identity subjects at increased risk for these 

conditions. Nonetheless, while the Office has stated that these utilities are not credible, no 

evidence has been provided that may be relied upon to reach this conclusion, as the 

Guidelines require. In particular, the Guidelines state that the Office 

must treat as true any statement of fact made by the Applicant in relation to the 
asserted utility, unless countervailing evidence can be provided that shows that 
one of ordinary skill in the art would have a legitimate basis to doubt the 
credibility of such a statement... [I]t is improper to disregard the opinion [of a 
qualified expert] solely because of a disagreement over the significance or 
meaning of the facts offered. (M.P.E.P. § 2107, emphasis added) 

To be properly rejected under § 101, the Guidelines set forth that a case must 
represent one of those rare instances that meets the stringent criterion of being "totally 
incapable of achieving a useful result," Brooktree Corp. v. Advanced Micro Devices, Inc., 
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977 F.2d 1555, 1571 5 24 USPQ 2d 1401, 1412 (Fed. Cir. 1992), (see M.P.E.P. § 2107.01-11). 
The only instances in which the federal courts have found a lack of patentable utility were 
where, "based upon the factual record of the case, it was clear that the invention could and 
did not work as the inventor claimed it did" (M.P.E.P. § 2107.01-11, emphasis added). 
These rare cases have been ones in which the appellant either (a) failed to disclose any 
utility for the invention, or (b) asserted a utility that could be true only "if it violated 
scientific principle, such as the second law of thermodynamics, or a law of nature, or was 
wholly inconsistent with contemporary knowledge in the art" (M.P.E.P. § 2107.02-IIIB). 

Procedurally, the M.P.E.P. makes clear that the burden is on the Office to provide a 
detailed, reasoned explanation for the rejection that is supported, if possible, by 
documentary evidence indicating why the asserted utility is more likely than not 
"incredible." "An appellant's assertion of utility creates a presumption of utility" (M.P.E.P. 
§ 2 107.01 -111(A)); "Where an appellant has specifically asserted that an invention has a 
particular utility, that assertion cannot simply be dismissed by Office personnel as being 
'wrong,' even when there may be reason to believe that the assertion is not entirely 
accurate" (M.P.E.P. § 2 107.01 -111(B)). Conversely, if the Office determines that the 
claimed invention has a credible utility, neither a 35 U.S.C. § 101 nor a related 35 U.S.C. § 
1 12 rejection may be applied (or, upon rebuttal of the Office's position, both rejections must 
be simultaneously reversed). 

In the present case, Appellants, as discussed below, assert four utilities in the 
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specification, that are, on their face, credible. Appellants assert that the present invention 
provides RIP 15 protein that can be used directly as a therapeutic, used to identify potential 
therapeutics that lead to decreased RXR activity, or used to generate diagnostic anti-RIP15 
antibodies whereas, prior to the present invention, this was not possible because RIP 15 was 
unavailable and its function was not known. At least some of the identified compounds that 
increase RIP 15 expression are expected to have the proposed therapeutic activity of treating 
a RXR-associated disease (particularly hyperthyroidism). Additionally, one skilled in the art 
would appreciate that RIPlS's ability to bind a p-RARE enables RIP 15 to be used for the 
isolation or purification of a p-RARE from, for example, synthetic DNA libraries, genomic 
libraries, or cell ly sates. The Office has provided no evidence to dispute any of these 
utilities, and on this basis alone the rejection should be reversed. 
Standards for Satisfying the Utility Requirement 

Appellants first note that the M.P.E.P. outlines the criteria to determine the utility of 
an invention. The utility of an invention must be specific and substantial or well- 
established. In defining the metes and bounds of a specific utility, the M.P.E.P. requires 
that: 

a utility [be] specific to the subject matter claimed . This contrasts with a general 
utility that would be applicable to the broad class of the invention ... A general 
statement of diagnostic utility, such as diagnosing an unspecified disease, would 
ordinarily be insufficient absent a disclosure of what condition can be diagnosed 
(M.P.E.P. 2107.01 I, emphasis added) 

By implication, therefore, the specific utility of a particular protein may be established by 
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the disclosure of a specific disease or condition with which it is associated. 



Likewise, a substantial utility is established by a "real world" context of use, such as 

the identification of a material which has a correlation to, or impacts the onset or 

progression of a particular disease or condition. Specifically, the M.P.E.P. states: 

both a therapeutic method of treating a known or newly discovered disease and an 
assay method for identifying compounds that themselves have a "substantial 
utility" define a "real world" context of use. An assay that measures the presence 
of a material which has a stated correlation to a predisposition to the onset of a 
particular disease condition would also define a "real world" context of use in 
identifying potential candidates for preventive measures or further monitoring 
(M.P.E.P. 2107.01 I; emphasis added). 

Thus, a component of an assay method for identifying candidate compounds which may be 

used for treating a specific disease itself has substantial utility. Similarly, components of an 

assay method for measuring the presence of a material associated with a risk of disease have 

substantial utility. 

Alternatively, the utility requirement of 35 U.S.C. § 101 can also be satisfied by 

identifying a well-established utility, which is defined in the Revised Interim Utility 

Guidelines Training Materials as 

A specific, substantial, and credible utility which is well known, 
immediately apparent, or implied by the specification's disclosure of the 
properties of a material, alone or taken with the knowledge of one skilled in 
the art (page 7; emphasis added). 

Of course, in evaluating the utility of the invention, the credibility of the disclosure 
must be assessed. Credibility must be viewed from the perspective of a person of ordinary 
skill in the art and should be based on the totality of the evidence (specification and prior 
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art) and reasoning provided. 

The Federal Circuit in In re Brana, 51 F.3d 1560 (Fed. Cir. 1995) has articulated the 
standard to be applied by the PTO in any challenge to an assertion of utility. In this case, the 
court stated: 

the PTO has the initial burden of challenging a presumptively correct assertion of 
utility in the disclosure, [citation omitted]. Only after the PTO provides evidence 
showing that one of ordinary skill in the art would reasonably doubt the asserted 
utility does the burden shift to the applicant to provide rebuttal evidence 
sufficient to convince such a person of the invention's asserted utility (page 1 566; 
emphasis added). 

The Office has failed to carry this burden. As discussed below, Appellants assert the 
specific and substantial utilities of using RIP 15 (i) to inhibit RXR function in a subject for 
the treatment of an RXR-associated disease, such as hyperthyroidism, (ii) to identify a 
compound that increases RIP 15 expression as a treatment for an RXR-associated disease 
(e.g., hyperthyroidism), and (iii) to generate an anti-RIP15 antibody for the detection or 
monitoring of an RXR-associated disease (e.g., hyperthyroidism). Further, the Office has 
presented no credible evidence that would cause a person of ordinary skill to doubt the 
asserted utilities of the present invention, much less the credibility of Appellants' disclosure. 
On these bases, this rejection should be reversed. 
Specific Functions of RIP15 

The present invention is based on Appellants' discovery of a novel receptor, RIP 15, 
that interacts with the retinoid X receptor (RXR). The specificity of the interaction of 
RIP 15 with RXR is demonstrated by the lack of interaction between RIP 15 and other 
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nuclear receptors, such as TR, RAR, MB67, and GR (see, specification, for example, at page 

16, Table 1). Additionally, heterodimers of RIP15 and RXR bind DNA specifically . In 

particular, RIP 15 binds a p-RARE (p-retinoic acid response element) in the presence of 

RXR. Moreover, Appellants discovered that RIP 15 completely blocks RXR-dependent 

transcription of a reporter gene linked to a p-RARE in a mammalian cell-based assay (see, 

specification, for example, at page 24, lines 7 to 24, and Figure 9). Thus, Appellants 5 

specification demonstrates several important facts about RIP 15 specificity that are the basis 

for Appellants' asserted utilities. 

RIP15 Has Therapeutic Utility 

For The Treatment of RXR- Associated Diseases 

The disclosed ability of RIP 15 to eliminate RXR-dependent activation of p-RARE 

linked genes strongly supports the specific utility of RIP 15, analogs of RIP 15, and 

fragments of RIP 15 as therapeutics for the inhibition of RXR function in a subject (page 40, 

lines 8 to 19, and page 42). As stated on page 2, lines 14-24, of the specification: 

members of the RXR family play important roles in several aspects of 
development and central nervous system differentiation as well as in adult 
physiology. Based on both their specific response to the 9-cis-RA metabolite and 
their heterodimerization with the RARs, it is clear that the RXRs play a central 
role in the broad regulatory effects of retinoids. Moreover, their heterodimeric 
interactions with other family members indicate that the RXRs also play a central 
role in response to thyroid hormone, vitamin D, and perhaps other compounds. 

From this disclosure, a skilled artisan would clearly understand that inhibiting RXR function 

is desirable for the treatment of diseases associated with an elevated level of hormone (e.g., 

thyroid hormone, retinoic acid, or vitamin D) or hormone-mediated activity. For example, 
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hyperthyroidism is caused by the production of excess thyroid hormone, and thus 
hyperthyroidism can be treated by inhibiting the body's response to thyroid hormone. 
Because RXR is required for full hormone-dependent transcriptional activity of the thyroid 
hormone receptor-RXR complex, administration of RIP 15 to a subject with hyperthyroidism 
would be expected to reduce the adverse effects caused by the excess thyroid hormone and 
the resulting excess thyroid hormone receptor activity (page 2 5 lines 4-6). 

Appellants note that these asserted disease associations are neither general in nature, 
nor are they inconsistent with what one skilled in the art would expect for the specific 
disease involvement of RIP 15 based on Appellants' disclosure of its ability to inhibit RXR 
function. Thus, Appellants have asserted a specific, substantial, and credible utility with a 
"real world" context for RIP 15 proteins. 

In the Advisory Action mailed August 1 1, 2005, the Examiner states 

Applicants argue that RIP 15 can be administered to inhibit hyperthyroidism 
because RIP 15 would inhibit RXR interaction with thyroid hormone. 
However, if this was true then all RXR interacting protein such as vitamin D 
receptor can be used to treat hyperthyroidism and such treatment is not know 
[sic] to one skilled in the art although vitamin D receptor interaction with 
RXR has been known. Furthermore, no such treatment has been 
demonstrated with RIP 15 and is proposed as a hypothetical treatment. 
Further experimentation is required and is not in readily available form 
because for example RIP 15 is a nuclear receptor type protein and is found in 
the nucleaus [sic] of the cell and the mere administration intravenously will 
not result in the inhibition of the RXR if is [sic] occurs at all in situ. 

These bases for rejecting Appellants' claims cannot be maintained as Appellants 
disclose RIP, analogs of RIP 15, and fragments of RIP 15 as having a substantial or practical 
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utility. Again, the Examiner's reasons are contrary to Federal Circuit case law and the 

M.P.E.P. More importantly, the Examiner provides no evidence to support the new reasons 

for rejection, or legitimate reasons why one skilled in the art would doubt Appellants' 

asserted utilities or disclosure. 

Compounds that Increase RIP15 Expression Have Utility as 
Therapeutics for the Treatment of RXR- Associated Diseases 

In addition to direct therapeutic use, RIP 15 can also be used in standard methods to 

identify compounds that increase or decrease its expression and therefore its interaction with 

RXR (see, specification, for example, page 34, line 28 through page 35, line 12). One 

skilled in the art would appreciate that compounds that increase RIP 15 expression are also 

useful for the treatment of diseases associated with an elevated level of hormone or 

hormone-mediated activity (e.g., hyperthyroidism). Again, the asserted utility of identifying 

compounds for the treatment of hyperthyroidism satisfies the criteria for a specific and 

substantial utility. The credibility of this utility is strongly supported by the disclosed 

"central role in response to thyroid hormone" of RXR and the reasonable conclusion that 

inhibiting RXR function is desirable for the treatment of diseases associated with elevated 

thyroid hormone levels or activity (page 2, line 23). 

An Anti-RIP15 Antibody Has Utility for the 
Detection or Monitoring of RXR- Associated Diseases 

RIP 15 can also be used for the generation of anti-RIP15 antibodies for the detection 
or monitoring of RXR-related diseases (see, for example, page 40, line 20 through page 41, 
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line 12). For example, anti-RIP15 antibodies can be used to detect decreased levels of 
RIP 15, which are likely associated with increased risk or severity of RXR-associated 
diseases such as hyperthyroidism. Again, the credibility of this specific and substantial 
utility is supported by Appellants' discovery of the ability of RIP 15 to inhibit RXR function 
and the reasonable association of decreased RIP 15 levels with increased RXR function. A 
skilled artisan would appreciate the high level of predictability between this increased RXR 
function and increased risk or severity of RXR-associated diseases such as hyperthyroidism. 
As the Examiner is aware, a compound (e.g., RIP 15 protein) which enables the production 
of a useful end product (e.g., an anti-RIP15 antibody) is itself patentably useful under 35 
U.S.C. § 101. In re Kirk, 376 F.2d 936 (C.C.P.A. 1967). 
In the Advisory Action, the Examiner states: 

Applicants argue that antibody against RIP 15 can be used to detect RIP 15 
associated disease. However, the specification does not teach the link 
between the amount of RIP 15 and any specific diseases. Thus, the detection 
of the RIP 15 level is not necessarily predictive of a diseas [sic] state. 
Furthermore, substantial experimentation is required because the detection 
with antibodies is not available in a readily usuable [sic] format where the 
nexus between RIP 15 levels and disease state must be correlated. For 
example with regard to hyperthyroidism, the correlation is between thyroid 
hormone and the disease and the nexus to RXR level to disease has not been 
established much less the RIP 15 interaction with RXR and thyroid hormone 
and hyperthyroidism. Thus, substantial experimentation is required use the 
antibody in detection of diseases. 

These new bases for rejecting claim also do not find support in the case law or 
M.P.E.P. In addition, the Examiner attempts to challenge Appellants' disclosure without 
evidence. Nonetheless, the Examiner fails to address Appellants' central teaching that: 



- 15- 



RIP 15 inhibits RXR function. Moreover, the Examiner fails to address entirely the issue 

that Appellants' RIP 15 protein itself enables the production of a useful end product (e.g., an 

anti-RIP15 antibody). See In re Kirk, 376 F.2d 936 (C.C.P.A. 1967). 

RIP15 Has Utility for Purifying or 

Isolating B-RARE or B-RARE-Linked Nucleic Acids 

In addition to the above three utilities, the specification also clearly conveys that 
RIP 15 is able to bind a p-RARE, a known and useful material. For example, Sucov et al 
(U.S.P.N. 5,091,518) reports that p-RAREs can be used to enhance transcriptional activity 
of promoters (abstract; column 1, lines 10-17; and column 2, lines 26-35). In particular, a p- 
RARE can be added to a vector encoding a protein of interest to generate an "enhanced 
expression system" that is responsive to retinoic acid (column 5, lines 48-50 and column 8 5 
lines 30-41). The binding of RIP 15 to p-RAREs allows RIP 15 to be used to purify or isolate 
P-RAREs or p-RARE-linked nucleic acids. This utility would also have been apparent to 
one skilled in the art reading the specification, as binding of a p-RARE by RIP 15 is 
discussed in the specification on pages 21 and 22. The use of RIP15 to isolate a P-RARE is 
sufficient to satisfy § 101. As noted above, RIP 15 protein, which enables the production of 
a useful end product (e.g., purified p-RARE), is itself patentably useful under 35 U.S.C. § 
101. /«^^/H,376F.2d936(C.C.P.A. 1967). 1 

Finally, in the Advisory Action, the Examiner states: 

Applicants argue that RIP 15 can be used to isolate B-RARE DNA promoter. 

1 The Office is also reminded that a patent is presumed valid under 35 U.S.C. § 282. Accordingly, one may presume 
that the utility disclosed in Sucov for the claimed P-RAREs is a valid, credible utility. 

- 16- 



However, the isolation does not have specific substantial utility because 
generally one skilled in the art isolate [sic] B-RARE by purification of 
already available bacterial host cell comprising the B-RARE in a vector and 
not by RIP 15 binding isolation. Furthermore, there is no substantial utility 
because a nexus between the orphan receptor RIP 15 and the use. 

The Examiner, ignoring Appellants reliance on In re Kirk, 376 F.2d 936 (C.C.P.A. 1967), 

notably cites no case law in support of this requirement. Moreover, the Examiner does not 

challenge the clear teaching in Appellants' specification regarding the ability of RIP 15 to 

eliminate RXR-dependent activation of p-RARE linked genes and that this teaching strongly 

supports the specific utility of RIP15, analogs of RIP15, and fragments of RIP15 as 

therapeutics for the inhibition of RXR function in a subject (page 40, lines 8 to 19, and page 

42). 

RIP15 Ligand is not Required for Asserted Utilities 

In addition, contrary to the position taken by the Examiner, Appellants note that none 
of the four asserted utilities presented above require the identification of a ligand for RIP 15. 
In particular, RIP 15 and polypeptides derived from RIP 15 can be tested for their ability to 
inhibit RXR in the cell-based assay described in Appellants' specification on pages 23 and 
24 or in any animal model of disease without the use of a ligand for RIP15. A RIP 15 ligand 
is also not needed to identify therapeutic compounds that modulate RIP 15 expression, to 
generate anti-RIP15 antibodies for diagnostic applications, or to purify a p-RARE. 

Summary 

In sum, given the uses of RIP 15 based on Appellants' demonstration of the ability of 
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RIP 15 to interact with and inhibit RXR or to bind p-RAREs, the related rejections under 35 
U.S.C. § 101 and § 1 12, first paragraph should be reversed. It is noted that all assertions 
must be shown to be incredible for this rejection to stand. For all of the above reasons, the 
claimed RXR-interacting proteins have both substantial and practical utilities. The burden is 
on the Office to provide a detailed, reasoned explanation for the rejection, and it is 
Appellants' understanding that the Office will either provide a rebuttal for each of 
Appellants 5 assertions of utility or will reverse these rejections in view of the clarifications 
that have been provided during prosecution. 

II. The Written Description Rejection Should Be Reversed 

Claims 7, 10, 13, 14, 16, 27, 28, and 31-32 were rejected under 35 U.S.C. § 1 12, first 
paragraph, for lack of a written description. This rejection should be withdrawn. 

Independent claim 7 requires a substantially pure RXR-interacting protein that 
includes an amino acid sequence that is at least 85% identical to the amino acid sequence of 
RIP15 (SEQ ID NO: 3). The other pending independent claim, claim 27, requires an 
RXR-interacting protein produced by expression of a purified DNA encoding a protein that 
includes an amino acid sequence that is at least 85% identical to the amino acid sequence of 
RIP15 (SEQ ID NO: 3). Claims 10 and 28 require 90% identity and 95% identity, 
respectively, to SEQ ID NO: 3, and claim 32 requires that the protein inhibit retinoid X 
receptor-dependent activation of a (3-RARE-linked nucleic acid. 
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The present rejection turns, in essence, on the assertion that the "essential feature" of 
the claimed invention is the RIP 15 sequence of SEQ ID NO: 3. This rejection should be 



withdrawn. 

Appellants again assert that 100% identity to the RIP 15 sequence of SEQ ID NO: 3 is 
not essential to the present invention. In defining the term "RXR-interacting protein," the 
specification clearly teaches that proteins with at least 85% identity to RIP 15 can also 
interact with RXR: 

By "RXR-interacting protein" is meant a polypeptide which directly or indirectly 
physically interacts with a retinoid X receptor in the in vivo protein interaction 
assay described herein.... Preferably, such a polypeptide has an amino acid 
sequence which is at least 85%, preferably 90%, and most preferably 95% or 
even 99% identical to the amino acid sequence of an interacting protein described 
herein (e.g., RIP14, RIP15, RIP1 10, or RIP13) at the point of interaction with the 
retinoid X receptor, or [is] at least 80% and preferably 90% identical overall. 

(Specification, page 5, line 24 through page 6, line 5). 

The specification further describes mutations that can be made to the RIP 15 sequence to 

maintain the ability of the protein to interact with RXR. For example, page 6, line 26 

through page 7, line 5 of the specification states: 

By "substantially identical" is meant an amino acid sequence which differs only 
by conservative amino acid substitutions, for example, substitution of one amino 
acid for another of the same class (e.g., valine for glycine, arginine for lysine, 
etc.) or by one or more non-conservative substitutions, deletions, or insertions 
located at positions of the amino acid sequence which do not destroy the function 
of the protein (assayed, e.g., as described herein). Preferably, such a sequence is 
at least 85%, more preferably 90%, and most preferably 95% identical at the 
amino acid level to one of the sequences of Figs. 4, 5, 10, and 1 1 (SEQ ID NOS: 
1-5). 
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Standard methods, such as those described on pages 41-43, can be used to generate 
proteins with at least 85% sequence identity to the disclosed sequence of RIP 15 (SEQ ID 
NO: 3). These proteins are structurally characterized by this high level of sequence identity 
to SEQ ID NO: 3. As 100% sequence identity to SEQ ID NO: 3 is not necessary for the 
claimed invention, Appellants respectfully assert that it would be unfair to limit the present 
claims to only those proteins with 100% sequence identity to SEQ ID NO: 3. 

Appellants further assert that one skilled in the art would appreciate that the essential 

feature of the claimed invention is the ability of the claimed proteins to interact with RXR. 

For example, page 3, line 30 through page 4, line 5 of the specification states: 

In a second aspect, the invention features a substantially pure preparation of a 
retinoid X receptor (RXR)-interacting protein. Preferably, the RXR-interacting 
protein is RIP 14, RIP 15, RIP1 10, or RIP13; or includes an amino acid sequence 
substantially identical to an amino acid sequence shown in any of Figs. 4, 5, 10, 
and 1 1 (SEQ ID NOS: 1-5); is derived from a mammal, for example, a human; 
binds a p-RARE site in the presence of RXR; or binds an EcRE site in the 
presence of RXR. 

Appellants note that all of the pending claims, through the definition of "RXR- 
interacting protein," include the functional limitation that the protein interacts with RXR. 
Appellants further note that the in vivo interaction trap assay described in the specification 
can readily be used by one skilled in the art to determine whether a protein with at least 85% 
sequence identity to the sequence of RIP 15 (SEQ ID NO: 3) interacts with RXR (see, for 
example, pages 11-14). Alternatively, a skilled artisan can easily determine whether the 
protein interacts with RXR by determining whether the protein inhibits RXR-dependent 
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activation of a P-RARE-linked nucleic acid (as disclosed, for example, on page 24 5 lines 7- 

24). Other standard methods for determining whether a protein interacts with RXR include 

gel filtration chromatography and co-immunoprecipitation assays. 

In response to the Office's assertion that a functional limitation cannot be used to 

limit the claims because RIP 15 is an orphan receptor, Appellants again respectfully assert 

that further characterization of RIP 15, such as identification of a ligand for RIP 15, is not 

necessary to distinguish the claimed proteins from other proteins. As stated in the M.P.E.P. 

(2163 II(A)3(a) (i)(c)(l)), 

[f] actors to be considered in determining whether there is sufficient evidence of 
possession include the level of skill and knowledge in the art, partial structure, 
physical and/or chemical properties, functional characteristics alone or coupled 
with a known or disclosed correlation between structure and function, and the 
method of making the claimed invention. Disclosure of any combination of such 
identifying characteristics that distinguish the claimed invention from other 
materials and would lead one of skill in the art to the conclusion that the applicant 
was in possession of the claimed species is sufficient. 

As noted above, the claimed proteins are distinguished from other proteins by both 
the structural characteristic of having at least 85% sequence identity to SEQ ID NO:3 and by 
the specific functional characteristic of interacting with RXR. In contrast, RIP 15 does not 
bind other receptors, such as TR, RAR, MB67, and GR (page 16, Table 1). Additionally, 
Appellants note that the specification teaches other functional characteristics of RIP 15. For 
example, RIP 15 binds a p-RARE in the presence of RXR (claim 15) and inhibits RXR- 
dependent activation of a P-RARE-linked nucleic acid (claim 32). Based on Appellants' 
disclosure of these properties and routine assays for determining whether a particular protein 
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has these properties, one skilled in the art would appreciate that Appellants were in 
possession of the claimed invention. 

As clear distinguishing characteristics that are shared by the claimed proteins are 
disclosed in Appellants' specification, this rejection should be reversed. 

III. The Enablement Rejection Should Be Reversed 

Claims 7, 10, 13-16, and 27-32 stand rejected under 35 U.S.C. § 1 12, first paragraph, on the 
basis that the specification fails to enable the skilled artisan to make and use the claimed invention. 
The Examiner asserts that the specification does not reasonably provide the full scope of 
enablement for RXR-interacting proteins comprisng an amino acid sequence that is at least 85% 
identical to the amino acid sequence of RIP15 (SEQ ID NO:3). 

Claims 29 and 30 

As an initial matter, Appellants point out that, with respect to claims 29 and 30, there 
can be no question that the enablement requirement is satisfied, as SEQ ID NO: 3 is 
presented in Appellants' specification. For this reason alone, as applied to claims 29 and 30, 
the § 112 rejection should be reversed. 

Claims 7, 10, 13-16, 27-28, and 31-32 

Appellants further note that undue experimentation is not required by the skilled 
artisan to make and use the claimed proteins. Sequence analysis software allows the rapid 
identification of a protein having an amino acid sequence that is 85% (or 90 or 95%) 
identical to SEQ ID NO: 3. Upon identification, such a protein may be readily tested for an 
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ability to specifically and physically interact with a retinoid X receptor (RXR) in an in vivo 
interaction trap assay using, for example, one of the protein interaction detection assays 
described in the specification at page 11, line 15, through page 15, line 12. In addition, the 
skilled artisan can routinely determine whether the protein interacts with RXR by 
determining whether the protein inhibits RXR-dependent activation of a P-RARE-linked 
nucleic acid (as disclosed, for example, on page 24, lines 7-24). Other routine methods for 
determining whether a protein interacts with RXR include gel filtration chromatography and 
co-immunoprecipitation assays. Moreover, the office has failed to provide any evidence that 
one skilled in the art would consider such screening as constituting undue experimentation. 

None of these aforementioned methods constitute undue experimentation. 
Furthermore, Appellants provide examples demonstrating that the practice of this invention 
successfully identifies proteins having the desired characteristics. Appellants' specification 
has provided sufficient guidance and data to support the scope of the requested claims. 
Accordingly, Appellants respectfully submit that the skilled artisan would have absolutely 
no difficulty in determining whether any particular protein would fall into the scope of the 
claimed subject matter, or how to make and use such a protein. The enablement rejection 
has been applied in error and should be reversed. 
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IV. Appellants ' Priority Application Supports The Pending Claims 

The Examiner acknowledges Appellants claim for domestic priority under 35 U.S.C. 
§ 120. Nonetheless, the Examiner maintains that "the provisional application upon which 
priority is claimed fails to provide adequate support under 35 U.S.C. § 1 12 for claims 7, 10, 
13-14, 16, 27-32 of this application." Appellants disagree. 

Application Serial No. 08/372,652 filed January 13, 1995 plainly provides adequate 
support for the presently claimed subject matter. The Summary of the Invention, Detailed 
Description of the Invention, and Example portions of the specification discuss thoroughly 
the claimed invention. For example, evidence from U.S. Patent Application Serial No. 



08/372,652 specification itself supporting the present claims is as follows. 



Claims 


Exemplary Support in U.S.S.N. 08/372,652 
filed January 13, 1995 


7. (Previously presented) A substantially pure 
RXR-interacting protein, comprising an amino acid 
sequence that is at least 85% identical to the amino acid 
sequence of RIP15 (SEQ ID NO: 3). 


Claims 7 and 10, for example, as filed; and p. 7 (line 2). 






10. (Previously presented) The protein of claim 7, 
comprising an amino acid sequence that is at least 90% 
identical to the amino acid sequence of RIP 15 shown in 
Figure 5 (SEQ ID NO: 3). 


Claims 7 and 10, for example, as filed; and p. 7 (line 3). 






13. (Previously presented) The protein of claim 7, 
wherein said protein is derived from a mammal. 


Claim 13, for example, as filed. 






14. (Original) The protein of claim 13, wherein said 
mammal is a human. 


Claim 14, for example, as filed. 






15. (Previously presented) The protein of claim 13, 
wherein said protein binds a p-retinoic acid response 
element (P-RARE) in the presence of RXR, 


For example, p. 4 (lines 3-4). 






16. (Previously presented) The protein of claim 13, 
wherein said protein binds an ecdysone response element 
(EcRE) in the presence of RXR, 


For example, p. 4 (lines 4-5). 
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27. (Previously presented) RXR-interacting protein 
produced by expression of a purified DNA encoding a 
protein comprising an amino acid sequence that is at 
least 85% identical to the amino acid sequence of RIP 15 
(SEQ ID NO: 3). 


Claims 27, 17, and 7 for example, as filed; p 3 (line 30) 
- p. 4 (line 5); and p. 7 (line 2); and p. 4 (lines 18-20). 






28. (Previously presented) The protein of claim 7, 
comprising an amino acid sequence that is at least 95% 
identical to the amino acid sequence of RIP 15 (SEQ ID 
NO: 3). 


Claims 27, 17, and 7 for example, as filed; p 3 (line 30) 
-p. 4 (line 5); p. 7 (line 3). 






29. (Previously presented) The protein of claim 7, 
comprising an amino acid sequence that is identical to 
the amino acid sequence of RIP 15 (SEQ ID NO: 3). 


Claims 27, 17, 7, and 10, for example, as filed; p 9 (lines 
14-15); and Figure 5. 






30. (Previously presented) The protein of claim 7, 
wherein the amino acid sequence of said protein is 
identical to the amino acid sequence of RIP 15 (SEQ ID 
NO: 3). 


For example, page 3 (line 30)- page 4 (line 2); claim 10 
as filed; and Figure 5. 






3 1 . (Previously presented) The protein of claim 7, said 
protein interacting with a retinoid X receptor in an in 
vivo interaction trap assay. 


For example, p. 2 (lines 27-29); and p. 1 1 (lines 8-13). 






32. The protein of claim 7, said protein inhibiting 
retinoid X receptor-dependent activation of a P-RARE- 
linked nucleic acid. 


For example, p. 40 (lines 8-19). 



As U.S. Patent Application Serial No. 08/372,652 provides plain support for Appellants' 



claimed invention, Appellants are entitled to the priority date of this application. 



V. The Novelty Rejections Should Be Reversed 

Claims 7, 10, 13, 14, 16, 27, 28, and 32 were again rejected under 
35 U.S.C. § 102(e) as being anticipated by Liao et al (U.S.P.N. 5,639,616), a patent 
stemming from a continuation-in-part application, the parent of which had a filing date of 
November 10, 1993. Accordingly, the earliest possible § 102(e) date for this reference is 
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November 10, 1993. 2 

Appellants again direct the Examiner to the Declarations of inventor Dr. David 
Moore, filed December 28, 2001 and October 23, 2002 (copies provided herewith), 
presenting documentation that Appellants obtained an exemplary RIP 15 cDNA sequence 
prior to November 10, 1993. Because the claimed invention was reduced to practice prior to 
the earliest filing date of Liao, Liao cannot constitute prior art to the present claims under 35 
U.S.C. § 102(e). This rejection should therefore be withdrawn. 

Appellants also note that the Examiner contends that 

The Declaration of Dr. Moore filed December 28, 2001 does not overcome the 
rejection because applicant did not provide [a] showing under 37 C.F.R. 1 .608(b). 
See MPEP 2308.02. 

Appellants note that they believe that these Declarations are entirely appropriate and this 
basis of the rejection should therefore be withdrawn. Should the rejection be maintained, 
Appellants again respectfully request that the Examiner provide a specific detailed reasoning 
for the stated requirement and conclusion. 

Claims 7, 10, 13-14, 16, 27, 28, and 31-32 were also rejected under 
35 U.S.C. § 102(b) as anticipated by Liao etal (U.S.P.N. 5,639,616). As indicated above 
Appellants' present application claims priority to U.S. Application Ser. No. 08/372,652 
(now U.S. Patent No. 5,932,699) filed January 13, 1995, which supports the present claims. 



2 Appellants note that, because this reference is continuation-in-part application, the actual § 102(e) date may actually 
be the filing date of the continuation-in-part application, November 18, 1994. 
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Thus, Liao et al. (U.S.P.N. 5,639,616), which issued June 17, 1997, is not prior art to the 
claimed invention and this rejection should therefore be withdrawn. 
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Conclusion 



Appellants respectfully request that the rejection of claims 7, 10, 13-16, and 27-32 be 
reversed and allowed. 

Enclosed is a check for $250.00 in payment of the fee required by 37 C.F.R. 
§ 41.20(b)(2) for filing this brief. 

Appellant hereby petitions that the period for filing this brief in connection with the 
Notice of Appeal that was filed in connection with the above-captioned application on April 
8, 2005 be extended for 5 months, to and including November 8, 2005. Enclosed is a check 
for $1,080.00 for the fee required by 37 C.F.R. § 1.17(a). 

No additional fees are believed to be due at this time. If, however, there are any other 
charges, or any credits, in connection with filing this brief, please apply them to Deposit 
Account No. 03-2095. 



Clark & Elbing LLP 
101 Federal Street 
Boston, MA 021 10 
Telephone: 617-428-0200 
Facsimile: 617-428-7045 




Respectfully submitted, 



Date: S AfoWhkr £OOS 



James D. DeCamp, Ph.D. 
Regime 43,580 
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Claims Appendix 

I- 6. (Canceled) 

7. (Previously presented) A substantially pure RXR-interacting protein, 
comprising an amino acid sequence that is at least 85% identical to the amino acid sequence 
ofRIP15(SEQ ID NO: 3). 

8-9. (Canceled) 

10. (Previously presented) The protein of claim 7, comprising an amino acid 
sequence that is at least 90% identical to the amino acid sequence of RIP 15 shown in Figure 
5 (SEQ ID NO: 3). 

II- 12. (Canceled) 

13. (Previously presented) The protein of claim 7, wherein said protein is derived 
from a mammal. 

14. (Original) The protein of claim 13, wherein said mammal is a human. 

15. (Previously presented) The protein of claim 13, wherein said protein binds a (3- 
retinoic acid response element (p-RARE) in the presence of RXR. 

16. (Previously presented) The protein of claim 13, wherein said protein binds an 
ecdysone response element (EcRE) in the presence of RXR. 
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17-26. (Canceled) 



27. (Previously presented) RXR- interacting protein produced by expression of a 
purified DNA encoding a protein comprising an amino acid sequence that is at least 85% 
identical to the amino acid sequence of RIP 15 (SEQ ID NO: 3). 

28. (Previously presented) The protein of claim 7, comprising an amino acid 
sequence that is at least 95% identical to the amino acid sequence of RIP 15 (SEQ ID NO: 
3). 

29. (Previously presented) The protein of claim 7, comprising an amino acid 
sequence that is identical to the amino acid sequence of RIP 15 (SEQ ID NO: 3). 

30. (Previously presented) The protein of claim 7, wherein the amino acid sequence 
of said protein is identical to the amino acid sequence of RIP 15 (SEQ ID NO: 3). 

3 1 . (Previously presented) The protein of claim 7, said protein interacting with a 
retinoid X receptor in an in vivo interaction trap assay. 

32. (Previously presented) The protein of claim 7, said protein inhibiting retinoid X 
receptor-dependent activation of a p-RARE-linked nucleic acid. 
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Evidence Appendix 

Bowie et al. (1990) Science 247:130710 A 

Sycou et al. (U.S.P.N. 5,091,518) B 

Liao et al. (U.S.P.N. 5,639,616) C 

Declaration of Dr. David Moore filed December 28, 2001 under 37 C.F.R. § 1.131 D 

(This Declaration was entered into the record as noted in the Office Action 
mailed January 5, 2004) 

Declaration of Dr. David Moore filed October 23, 2002 under 37 C.F.R. § 1.131 

(This Declaration was entered into the record as noted in the Office Action 

mailed April 23,2002) E 
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Related Proceedings Appendix 



None. 
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An amino add sequence encodes a message that deter- 
mines the shape and function of a protein. This meMage is 
highly degenerate in that many diff erent sequences can 
code ^for proteins Witt essentially the same structuxe and 
acti\dty t Comparison of different sequences with 
meaaages can reveal key features of the code and improve 
Understanding of how a protein folds and how it per* 
forms its function. 



THB GEMOH3 18 MANIFEST LARGELY n* TBS SBT OF PRO- 
wins mat It encodes. It is die ability of these proteins to fold 
inm Unique rhrce*dimeiuloaai structures thac allow* them to 
(unction and carry out me mstrucrions of the genome. Thus, 
comprehending the rules that relate 

ftrnin 0 acid sequence to struc- 
ture b fundamental eo an understanding of biological processes. 
Because an amino acid sequence contain? all of the information 
ncceaaary to determine die w i u cairc of a protein (1), It should be 
possible to predict structure from sequence, and fubecquendy to 
infer detailed aspects of function from the structure. However, both 
problems are extremely complex, and it seems unlikely thac either 
will be solved in an em manner in the near future. It may be 
powiblc co obtain approximate solutions by using experimental data 
to simplify die problem. In this article, we describe how an analysis 
of allowed amino add substitutions in proteins can be used to 
reduce the complexity of sequences and reveal important aspect? of 
structure and function* 



Methods for Studying Tolerance to 
Sequence Variation 

There are two main approaches to studying die tolerance of an 
amino add sequence to changa The first method relies on the 
process of evolution, in which mutation* ore eirher accepted or 
rejected by natural adecrion. This method has been extremely 
powerful for proteins such as the globln* or cytochrome*, for which 
sequences from many different species arc known (2-7)- The second 
approach uses genetic methods do introduce amino acid changes at 



2£bd^ ^^ t 139? CpaamCnr ^ Bbl08 * Ma^ttteCES Inaieitt ofTcchnobgy, 

-rrewra adtas: Department of Chemiitry wid Biochanlroy and die Molecular 
Biology Xrumute. Univcnliy orCalifbmJ^ Los Angeles, U» A&d£ Ch 90024™ 
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specific positions in a cloned gene and uses selections or screens to 
identify ruiictional sequencer This approach has been used co great 
advantage for proreins that can be expressed in bacteria or yeast 
where the appropriate generic manipulations are possible (i, 8-11). 
The end results of both methods are lists of active sequences mat can 
be compared and analyzed to identify sequence feature chat are 
essential cor folding or funcdon. If n particular property of a Side 
chain, such as charge or size, is important at a given position, only 
side chains that have the required property will be allowed. Con- 
versely, if the chemical identity of the side chain is ururaporcant, 
then many dioerent sulutirutions will be permitted. 

Studies In which dbese methods were used have revealed chat 
proreins arc surprisingly tolerant of amino acid aubadcurjona (2-4, 
11). For example, in studying the effects of approjdrnaidy 1500 
single amino add subsdtudons at 142 position* in foe repressor. 
Miller and co- workers round rhac about one-half of all substitutions 
were phenotypically silent (JJ). At some positions, many difcrent, 
ncm conservative fthstinxcions were allowed. Such residue positions 
play litdc or no role in structure and runction. At other rxssmons, no 
Substitutions or only conservative substitution* were allowed. These 
residues are the most important for lac repressor activity. 

What roles do invariant and conserved side chain* play in 
proceinc) Resid u e * that ere directly involved in protein functions 
such as binding or catalysis will cejxainly be among the most 
conserved. For example, replacing the Asp in the catalytic triad of 
trypsin with Asn results in a 10*-fold reduction in activity (12). A 
similar loss of activity occurs in X repressor when a DMA binding 
residue is changed from Asn to Asp [13). To carry out their 
function, however, these catalytic reaiduea and binding residues 
auk be precisely oriented in three ctimensions. Consequently, 
mutations in residues that are required for structure formation or 
stability can also have dramatic effects on activity (70, 74-75). 
Hence, many of the residues that are conserved in sets of related 
sequences play structural rolca. 



Substitutions at Surface and Buried Positions 

In their initial comparisons of the globln sequences, Ferutfc and 
CO-workcrs found chat most buried residues require nonpolor aide 
chains, whereas few features of surface side chains arc generally 
conserved (6). Similar results have been seen &r a number of protein 

fiuaiiies (2, 4 t s, 7, i7 t ify An example of the sequence Dolerancc at 
surface versus buried sites can be seen in Fig. .1, which shows the 
allowed substitutions In K repressor at residue positions that are near 
the dimer interfcee but distant from the DNA binding surface of the 
protein These aubstitutions were identified by a functional 
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Fig, 1. (A) Aming add substitutions allowed la a 
short region of A repressor. The wiM-rype se- 
quence b shown along the center Ike The oK 
lowed suhrrinirinnB tbown above each position 
wer« identified by randomly mutating one CO 
dircc codons ar a dme by using a caSimc rnethod 
and applying a functional selection (50. (B) The 
facrionil solvent accessibility (42) of the wild- 
rype side chain in the proceln dimer {43) rejaqve 
co dbe some atoms in an Ak-X-AJU model rripep- 
ndc. 
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Position 



selection after cassette mutagenesis, A histogram of side chain 
solvent accessibility in the crystal structure of the dimer it also 
shown in Fig. ). At six positions, oniy the wild-type residue or 
relatively conservative substitutions are allowed. Five of these 
position* ore buried in the protein. In contrast, most of the highly 
exposed positions tolerate a wide range of chemically dificrcne side 
chains, including hydrophilic and hydrophobic residues. H e n ce, h 
seems that most of the structural information in this region of the 
ptoccin is carried by the residues that are solvent inaccessible. 



Constraints on Cote Sequences 

Because core residue positions appear to be extremely important 
for protein folding or stability, we must understand the factors that 
dictate whether a given core sequence will be acceptable. In general, 
only hydrophobic or neutral residues are tolerated at buried sites in 
protein*, undoubtedly because of the large favorable concnbuoon of 
the hydrophobic effect to protein Stability {19). For example, Fig. 2 
shows the results of genetic studies used to investigate the cubstitu- 
non* allowed at residue posnions that form the hydrophobic core of 
the NHrtcjminal domain of \ repressor (20). The amrprahlr core 
sequences are composed almost exclusively of Ah, Gys, Thr f Val, lie, 
Leu, Met, and Fhc. The acceptability of many different residues at 
each core position presumably reflects the face char, the hydrophobic 
effect, unlike hydrogen bonding, docs not depend on specific 
residue pairings. Although it is possible to imagine a hypothetical 
core structure that Is stabilized exclusively by residues fanning 
hydrogen bands and salt bridges, such a core would probably be 
difficult go construct because hydrogen bonds require pairing of 
donors and acceptors in an exact geometry. Thus the repertoire of 
possible structures chat use a polar core would probably be extreme- 
ly limited (21). Polar and charged residues are occasionally found in 
the cores of proteins, but only at positions where their hydrogen 
bonding needs can be satisfied (22). 

The cores of most proteins are quite closely packed (27), but some 
volume changes are acceptable. In \ repressor, the overall core 
volume of acceptable sequences can vary by about 10%. Changes at 
individual sites, however, can be considerably larger. For example, 
as shown in Fig. 2, both Phe and Ala are allowed at the same core 
position in the appropriate sequence contexts. Large volume 
changes at individual buried sites have also been observed in 
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phylogcnetic studies; where it has been noted that the she decreases 
and increases at inDeracting residues are not necessarily related in a 
simple complementary fashion (5, 7. 17). Rather, local volume 
changes ore accooraodaxed. by ooiifuimutional changes in nearby 
side chains and by a variety of backbone roovements. 



The Informational Importance of the Core 

With occasional exceptions, the core must remain hydrophobic 
and maintftin a reasonable packing density. However, since The core 
is composed of side chains that can assume c^y a limiird number of 
conformations (24), efficient packing must be maintained without 
stcric dashes. How important are hydrophobics!?, volume, and 
Steric complementarity in determining whqnW a given sequence can 
form an acceptable oorcf Bach faccor Is essential in a physical sense; 
as a stable core is probably nnahlr co tolerate qnrorigfiftH hydrogen 
bonding groups, large holes, or steric overlaps (25). However, in an 
informational sense, these factors are not equivalent. For example, in 
experiments m which three core residues of X repr es sor were 
mutated simultaneously, volume was a relatively unimportant infbr- * 
ryyiFi^r^l constraint because tKree- quarters of ail possible combina- 
tions of the 20 nauiralty occurring amino ad& had volumes within 
the range tolerated in the core, and yet most of these sequence* were 
unacceptable (20). In ecunrast, of the sequences that contained only 



Flfl. 2. Amino add substitu- 
dons allowed in the core of X 
repressor. The -wild-type side 
chains are shown pietonslly in 
the approximate c^entatioa 
seen in the crystal structure 
(43). The uses of allowed sub- 
sdnldons at each poa id o n aft 
shown below the wild-type 
side chains. These Jtnbsdtu- 
doos were identified by ran- 
domly mutating one to four 
retiducc at a time by using a 
cassette method end applying 

a functional selection (20J. 
Not all substitutions arc al- 
lowed in every sequence back- 
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the appropriate hydrophobic residues, a sigolflcant fraction were 
acceptable. Hence, the hydrpphobidcy of a sequence contains 
more iruttrmation about in potential occeptabilicy in die core than 
doe* the total side chain volume. Sicric coxnparibifity was intermedi- 
ate between volume and hydrophobic^ in informational impor- 
tance. 



The Informational Importance of Surface Sites 

We have noted due many surface sites can tolerate a wide variety 
of side chains including hyd^ptulic and hytirophoWcre^d^. This 
result might be taken to Indicate char surface positions contain lierlc 
srjucturai information. However, Bashford ct aL, in an extensive 
•noiyala of globin sequences found a Strong bias against large 
hydrophobic residues at many surface povidone. At one level, this 
may reflect constraints imposed by protein solubility, because large 
patches of hydrophobic surface residues would presumably lead go 
aggregation . At a more fundamental level, procein folding requires a 
parddonlng between surface and buried positions. Consequenriy, to 
achieve a unique native jtate without significant compedcion from 
other ODnrbrmatlons, it may be important some site* have a 
-decided preference for exterior rather than interior positions. As a 
result, many surface sites can accept hydrophobic residues individ- 
ually, but the surface as a whole can probably tolerate only a 
moderate number of hydrophobic side chains. 

Identification of Residue Roles from 
Sees of Sequences 

Often, a protein of interest la a member of a family of related 
sequences, mar can we inter from the pattern of allowed subsocu* 
dons at posidbns in sets of aligned sequences generated by generic 
or phyiogeneric methods? Residue positions chat can accept a 
number of diferenc side chains, including charged and highly polar 
rcuduca, arc almost certain to be on the procein surface. Residue 
positions mat remain hydrophobic, whether variable or not, arc 
likely to be buried within die structure. In Pig. 3, those residue 
positions in X repressor that can accept hydrophiuc side chains are 
shown in orange end those that cannot accept hydrophilic side 
chains are shown in green. Hie obligate hydrophobic positions 
define die core of the structure, whereas positions chat can accept 
hrdrophilic side chains define the surface. 

Functionally important residues should be conserved in sets of 
active sequences, but it is not r^ibletodeddtwhcmerasidcchain 
is functionally or structurally important Just because it is invariant or 
conserved. To make this distinction requires an independent assay of 
protein folding* The ability of a mutant proTein to maintain a scably 
folded structure can often be measured by biophysical techniques^ 
by susccptittlky to intracellular proteolysis (2rf), or by binding to 
andbodies specific for the native structure {27, 23). In The latter 
cases, it is possible to screen proteins in mutated clones for die 
ability to fold even' if these protons are inactive. Sets of sequences 
chat allow formation of a stable structure can then be compared to 
the sets that allow both fo ldi n g and function, with the active site or 
binding , residues being tfiosc that are variable In the sec of stable 
proteins but invariant in the sec of functional proteins. The DNfA- 
binding residue* of Arc repressor were identified by this method 
The rcccpror-biridinj residues of human growth hormone were also 
identified by comparing the stabilities and activities of a Set of 
mutant sequences (28). However, in mis case, the mutants were 

generated as hybrid sequences between growth hormone and related 
hormones with different binding specificides. 

isoS 



Implications for Structure Prediction 

At present, the only reliable method for predicting a knv- 
rtsolurioo tertiary structure of a new protein is by idetirifying 
sequence sixriilarity to a protein whose structure is already known 
(29, JO). However, it is often difficult to align sequences as the level 
of sequence siinilanty drrreascs, and it is ttwierLnes unposrible to 
detect statistically significant sequence similarity between distantly 
related proteins. Because the number of known *™jn*nv$* is far 
greater than the number of known eoucrures, it would be advanta* 
gaow co increase the reach of the available structural information by 
Improving methods for d et e ct i ng distant sequence relation* and for 
cubscquendy aligning these sequences based on srrucrural pririciplcs. 
In a riormal homology search, the sequence database is scanned with 
a single test sequence, and every residue must be weighted equally. 
However, some residues arc more important than others and should 
be weighted accordingly. Moreover, certain regions of the protein 
arc more likely to contain gaps man others. Both kinds of informa- 
tion can be obtained from sequence Bets, and several techniques have 




rig. 9. Tolerance expositions lntheNHr*erminal domain of X repressor to 
hya^ophUicsiOc chains. The complex (43) of me repressor dimer (brae) and 
Operator DNA Mute) is shown, in (A), pcufoens (fur can tolerate 
bydrcprubcflidfi4uin*ai*Aho^ 

ia t D) without die remaining procein atoms. In (C), position) that require 
hydrophobic or neutral side chains are shown in green. The*e side chain* are 
shown In (DJ without the remaining protein atoms. About duee-fourthg of 
the 92 side chains la meNHo-temunal domain are included in both (B) and 
(D). The remaining positions have doc been tested. Data are from (9, 14, 20, 
27,44). v ' 
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been used to combine such information into more appropriately 
weighted sequence searches and alignments {31). These methods 
were used to align die sequences of retroviral proteases with asparrk 
proteases, which in cum allowed con junction of a dirce-dimcnsion- 
al model for die protease of human Immunodeficiency virus type 1 
{29). Comparison with the recendy determined crystal structure of 
this protein revealed reasonable agreement in many areas of the 
predicted structure [32). 

The structural information at most surface sites is highly degener- 
ate. Except for functionally important residues, exterior positions 
seem to be important chiefly in maintaining a reasonably polar 
surface. The information contained in buried residues is also 
degenerate, the mala requirement being that these residues remain 
hydrophobic. Thus, at its most bask level, the key structural 
message in an amino acid sequence may reside in its specific pattern 
of hydrophobic and hydrophilic residues. This is meant in an 
informational sense. Clearly, the precis* structure and suability of a 
protein depends on a large number of derailed interactions, ic is 
possible, however, that structural prediction at a more primitive 
level can be accomplished by concentrating on the most basic 
informational aspects of an arnino acid sequence. Por example, 
arnphipaduc patoerna can be extracted from aligned sets of sequences 
and used, in some cases, to identify secondary structures. 

If a region of secondary structure is packed against the hydropho* 
trie core, a pattern of hydrophobic residues reflecting the periodkiry 
of die secondary structure is expected {33, 34). These patterns can be 
obscured in individual sequences by hydrophobic residues on the 
protein surface. It is rare, however, for a surface position to remain 
hydrophobic over the course of evolution. Consequently, the am- 
phipamic patterns expected for simple secondary aemccures can be 
much clearer in a set of related sequences (©). This principle is 
illustrated to Fig. % which shows helical hydrophobic moment plots 
for the Antennapcdia hoincodornaio sequence (Pig, 4A) and for a 
composite sequence derived from a set of homologous homeodo- 
xnain proteins (Fig. 4B) (35). The hydrophobic moment » a simple 
measure of me degree of amphipathic character, of a sequence in a 
given secondary structure {34). The amphipathic character of the 
three a-hcllcal regions in the Anrennapcdia protein (36) is dearly 
revealed only by the analysis of the combined act of homeodornoin 
sequences . The secondary structure of Arc repressor, a small DNA- 
binding protein, was recently predicted by a similar method (8) and 
confirmed by nuclear magnetic resonance studies {37). 

The specific partem of hydrophobic and hydrophilic residues in 
an amino acid sequence must limit the number of di&crcrn structures 
a £ven sequence can adopt and may tadeed dr^ its overaU fold. If 
du5 is true, then the arrangement of hydrophobic and hydrophilic 
residues should be a characteristic feature of % particular fold. Sweet 
and Eiscnbcrg have shown that the correlation of the pattern of 
hydrophobic^ between two protein sequences is a good criterion 
for their structural rclatedness (360. In addition, several studies 
indicate that panerns of obligacDty hydrophobic positions identified 
from aligned sequences are distinctive natures of srqiirnrt>t that 
adopt the same structure {4, 29, 38, 39). Ibis, the order of 
hydrophobic and hydrophilic residues in a sequence may actually be 
sufficient trdbrmation to determine the basic folding pattern of a 
protein sequence. 

Although the panem of sequence hydrophobicicy may be a 
characteristic feature of a particular fold, it is not yet clear how such 
patterns could be used for prediction of structure dc novo. It U 
important to understand how patterns In sequence space can be 
related to structures in conformation space. Lau and Dill have 
approached this problem by studying the properties of simple 
sequences composed only of H (hydrophobic) ana P (polar) groups 
on ewp-duncnsional lattices (40), An example of such q reprcacnta* 
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don is shown in Pig. 5. Residues adjacent in the sequence must 
occupy adjacent squares on die lattice, and two residues cannot 
occupy the flame space. Free energies of particular conformations are 
evaluated wim a single term, an arrracrion of H groups. By 
considering chains of ten residues, an exhaustive conformarJonal 
search for all 1024 possible sequences of H and P residues was 
possible. Por longer sequences only a representative fraction of the 
allowed sequence or conformation space could be explored. The 
significant results were as follows* (I) not all sequences can fold into 
a "native* structure and only a few sequences form a unique native 
Structure: (li) the probability chat a sequence .will adopt a unique 
nauVe structure increases with chain length; and (iii) the native 
states are compact, contain a hydraphoblc core surrounded by polar 
residues, and contain significant secondary structure. Although the 
gap between these rAVO-dimensional sirmilarioiis and three-dimen- 
sional structures is large, the use of airnpk rules and sequence 
representations yields results similar to those expected for real 
proteins. Three-dirncnsional lattice methoda ere also beginning to 
be developed and evaluated {41), 



Summary 

There is more informadon in a set of related sequences than in a 
single sequence, A number of practical appUcadons arise from an 
analysis of the tolerance of residue positions to change. First, such 
infbrmarion pennies the evaluation of a residue's impoiidncc to the 
function and stability of a protein. This ability to identify the 
essential clemenis of a protein sequence may improve our under- 
standing of the dctcrrninanxs of protein folding and stability as well 
as protein function. Second, patterns of tolerance to amino add 
subninitiona of varying hydrcphiUacy can help to identify residues 
likely to be buried in a protein structure arid those likely to occupy 
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studies Of the Anrenna- 
pcdia bomcocoxnain 
(36). To determine hy< 
draphobio moments, 
residues were suited 
w one of three groups; 
HI (high rr/aroptobfci- 
ry = Trp, De> Phe, Leu, 
Met, Vol, or Cy«)i Hi 

5 tedium hydrophobic 
- Tyt, Pro, Ala, Thr, 
Hia, Gly, or Scr); and JJ3 flow riydrop&oWcity = Gin, Asn, Giu, Asp, Lys, 
or Arg). For the aligned rtcmcodomain sequences, the residues at each 
position were sorred by their hydrophobicicy by using die scale of PaucheiB 
and Piiska Arg and Lys were not counoxf unto* no other residue was 
found at the position, because diey contain Ions; aliphatic side chains and can 
thereby substitute for nonpoUr residues at JQtnc buried sires. To account for 
possible sequence errors and rare exceptions, the most hydrophilic residue 
allowed at each position was discarded unless it was observed twice. The 
second most hy drophilic reriduewasu\cnchcMmrcp 
bicity of each position. An <»ighr-rrrirhu» window «vu used and the vector* 

n'eetcd radtaliy every XQW. The rector m^rudo-^OT eawgncd a vslucof 
. , or -l for poaitionfl where the ta)rdrophobidty group was HI. HZ, or 
H3, respectively. ^ 
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Fig, 5. A representation of one corn- 
pace c onfo rmation for a particular 
Mtjueace of H and P residues .on a 
two-dirncnsional square lattice. 
[Adapted from (40), wiuh permis- 
sion pf the American Chemical Soci- 
ety] 



surface positions. The ampbipaxhic patterns chat emerge can be used 
to identify probable regions of secondary structure. Third, incorpo- 
rating & knowledge of allowed substitutions can improve the ability 
to detect and align distantly related proteins because the essential 
residues can be given prominence in the alignment scoring. 

As more sequences are aettnruned, it becomes increasingly likely 
that a protein of interest is a member of a family of related 
sequences. If this is nor the case, it is now possible to use generic 
methods to generate lists of allowed amino add substitutions. 
Consequently, at least in the short term, it may not be necessary to 
serve the folding problem for individual protein sequence? Instead, 
information from sequence sets could be used. Perhaps by simplify- 
ing sequence space through the identification of key residues, and by 
simplifying oonjformation space sa in the lattice methods, it will be 
possible to develop algorithms to generate a limited number of trial 
ctructures. These trial atniccurt* could then, in turn, be evaluated by 
farther experiments and more sophisricarpd energy calculation*. 
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I, David Moore, declare that: 

1 . I am an inventor of the invention described and claimed in the 
above-identified patent application. 

2. The present claims of the application recite retmoid X receptor-mteracting proteins 
, that have an amino acid sequence that is at least 85% identical to that of RIP15. 

3. The other inventors and I conceived of, and reduced to practice, the claimed subject 
matter of the present application prior to November 10, 1993. 

4. The reduction to practice of the claimed invention is evidenced by Exhibits 1 and 2 
annexed hereto. The dates of Exhibits 1 and 2 have been redacted in accordance with the 
standard practice, but are all prior to November 10, 1993. The experiments described and 
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5. As described in the present application, we performed an in vivo interaction trap assay 
to isolate cDNA molecules encoding proteins that interact with the retinoid X receptor (RXR). 
For this assay, a mouse cDNA library was introduced into yeast that express a LexA-RXR fusion 
protein and that contain -galactosidase and LEU2 genes under the control of LexA binding sites. 
' LexA-RXR is not a strong transcriptional activator in yeast. However, LexA-RXR activates 

expression from LexA binding sites in cells which also express a fusion protein consisting of a 
transcriptional activation domain joined to another protein which interacts specifically with RXR 
(as described on pages 12 and 25-27 of the specification). 

Clone 15 which encodes RIP15 was isolated in this assay based on its ability to induce 
expression of both -galactosidase and LEU2, indicating that it encoded a protein that interacted 
with RXR. 

6. Exhibit 1 is a laboratory notebook page that contains a picture of an agarose gel 
showing the analysis of the plasmid isolated from selected yeast clone 15 and transferred into 
£ coli for analysis (lower panel). The plasmid was purified from E. edit and digested with 
restriction enzymes to determine the size of the cDNA insert in the plasmid. Based on the 
migration of the" restriction enzyme-digested cleavage product in the agarose^el, the cDNA 
insert was approximately 4.0 kDa Gower left corner of Exhibit 1). A region from mis cDNA 
insert was used as a hybridization probe to isolate the full-length RIP1 5 coding sequence from a 
mouse cDNA library, as described on page 27 of the specification. 

** 

7. this full-length RIP15 cDNA was sequenced prior to November 10, 1993. Exhibit 2 
contains exemplary RIP 15 cDNA sequence. In particular, the sequence of primer ipl5 PCR 
42meri which is listed in Exhibit 2 was designed based on the 5' terminus of this full-length 
RTP15 cDNA sequence. This primer was used to amplify the RIP15 sequence and add restriction 
sites flanking the RIP 15 sequence to facilitate subsequent subcloning into an expression vector 
for the production of RIP15 protein. In this primer, the first nucleotide of the second RIP1 5 
codon was altered to generate an Ncol restriction site and Kozak consensus nucleotides were 
included upstream of the start iAUGi codon to maximize expression of RIP15 protein. The 
nucleotides from the RIP 15 cDNA sequence that were included in this primer are 
S'-CTTCCCCCACAAGTTCTCTG-S'. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false" statements and the like so made are 
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punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patents issued thereon. 
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I, David Moore, declare that: 

1 . I am an inventor of the invention described and claimed in the 
above-identified patent application. 

2. The present claims of the application recite retinoid X receptor-interacting proteins 
that have an amino acid sequence at least 85% identical to that of RIP15. 



3. The other inventors and I conceived of, and reduced to practice, the cliaimed subject 
matter of the present application prior to November 1 0, 1 993 . 




4. The reduction to practice of the claimed invention is evidenced by Exhibit 1 annexed 
hereto. The date of Exhibit 1 has been redacted in accordance with the standard practice, but is 
prior to November 10, 1993. Exhibit 1 contains the entire amino acid sequence of RIP15, which 
was predicted based on the sequence of a full-length RIP 15 cDNA. The isolation of the RIP 15 
cDNA was performed by Wongi Seol, another inventor of the claimed invention. The isolation 
and sequencing of the RIP 15 cDNA was carried out in the United States prior to November 10, 
1993. 

5. As described in the present application and in the Declaration filed December 28, 
2001, a RIP 15 clone was isolated in an in vivo interaction trap assay designed to isolate cDNA 
molecules encoding proteins that interact with the retinoid X receptor (RXR). For this assay, a 
mouse cDNA library was introduced into yeast that expressed a LexA-RXR fusion protein and 
that contained (3-galactosidase and LEU2 genes under the control of LexA binding sites. 
LexA-RXR is not a strong transcriptional activator in yeast. However, LexA-RXR activates 
expression from LexA binding sites in cells which also express a fusion protein consisting of a 
transcriptional activation domain joined to another protein which interacts specifically with RXR 
(as described on pages 12 and 25-27 of the specification). 

Clone 15 which encodes RIP 15 was isolated in this assay based on its ability to induce 
expression of both P-galactosidase and LEU2, indicating that it encoded a protein that interacted 
with RXR. 



6. The plasmid was isolated from selected yeast clone 15 and transferred into 
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Exhibit 1 



$ dir rxr* 



Directory MOORE_LAB: [MOORE] 



RXR14 . ; 1 



RXR14D. OUT; 1 



RXR14E. ;2 



RXR14E.OUT;3 

RXR15.;2 RXR15E.;2 RXR15E.OUT;2 

RXRG. ;2 

Total of 8 files . 
$ ty rxrl5. 

rxr interacting clone 15 full length 

Rxrl5. Length: 446 Type: P Check: 



1 MSSPTSSLDT PVPGNGSPQP STSATSPTIK EEGQETDPPP GSEGSSSAYI 

51 WILEPEDEP ERKRKKGPAP KMLGHELCRV CGDKASGFHY NVLSCEGCKG 

101 FFRRSWHGG AGRYACRGSG TCQMDAFMRR KCQLCRLRKC KEAGMREQCV 

151 LSEEQIRKKR IQKQQQQQPP PPSEPAASSS GRPAASPGTS EASSQGSGEG 



251 QRFAHFTELA IISVQEIVDF AKQVPGFLQL GREDQIALLK ASTIEIMLLE 

301 TARRYNHETE CITFLKDFTY SKDDFHRAGL QVEFINPIFE FSRAMRRLGL 

351 DDAEYALLIA INIFSADRPN VQEPSRVEAL QQPYVEALLS YTRIKRPQDH 

401 VRFPRMLMKL VSLRTLSSVH SEQVFALRLQ DKKLPPLLSE IWDVHE 



7438 



201 



EGIQLTAAQE LMIQQLVAAQ LQCNKRSFSD. QPKVTPWPLG ADPQSRDARQ 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



\A BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



U REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 




